suggesting that flies know the location of a taste. We examined whether taste projections are segregated based on taste quality by evaluating the tastes that dif-
ferent neurons recognize with behavioral approaches
Gal4, UAS-GFP and by two-color immunohistochemistry ( Figures 1A-1E) ; identical results were obtained with and by differentially labeling gustatory projections with different receptors. We also tested the hypothesis that Gr47a-GFP and Gr47a-Gal4 transgenes ( Figures 1F-1J ). The Gr66a-GFP transgene labeled considerably more gustatory projections are segregated by location using transgenic axon labeling experiments to examine the neurons than our original Gr66a-Gal4 transgene ( Figures 2I and 2J) . Thus, two non-overlapping neusystems to simultaneously detect the expression of difral populations can be identified by Gr66a and Gr5a. ferent receptors. The Gal4/UAS system was used to Together, these cells account for two of the four gustalabel one set of neurons, using Gr-Gal4 to drive exprestory neurons in each taste sensillum. sion of UAS-CD2. We utilized nine different GR promoters that have been previously reported to drive robust reporter expression in subsets of taste neurons (Duni- . We therefore examined the taste liprobability is reduced when bitter substances were added, with dose sensitivity comparable to wild-type gands that Gr5a and Gr66a cells recognize using genetic cell ablation and behavioral studies.
flies ( Figures 3C-3F ). Conversely, Gr66a-Gal4, UAS-DTI flies show normal proboscis extension to sugars (Figure To examine the taste specificities of Gr5a-and Gr66a-positive neurons, we genetically ablated these neurons 3A) but show a ten-fold decrease in sensitivity to the noxious substances berberine, caffeine, denatonium, and assayed the lesioned animals for behavioral taste defects. Gustatory neurons were ablated by expressing and quinine ( Figures 3C-3F ). Both Gr66a-Gal4, UAS-DTI and Gr5a-Gal4, UAS-DTI flies show normal responses Diphtheria toxin (DTI) under the control of either the Gr5a or Gr66a promoter, using the Gal4/UAS system to high salt that are indistinguishable from wild-type ( Figure 3B ). These results demonstrate that Gr5a cells Taste responsiveness was assessed by performing Our expression and behavioral studies reveal that Gr5a marks cells that recognize sugars and mediate taste proboscis extension reflex assays in control and DTIexpressing animals. The proboscis extension reflex is acceptance, whereas Gr66a marks cells that recognize bitter compounds and mediate avoidance. These studone of the best-studied taste behaviors: when the leg encounters sugar, the proboscis extends (Dethier, ies argue that taste cells in the periphery of the fly gustatory system, much like seen in the mammalian taste 1976). The probability of extension increases as a function of sugar concentration and decreases as increasing system, are tuned to recognize different categories of tastes. How is taste quality represented in the brain? concentrations of a bitter substance are added to a fixed concentration of sugar (Dethier, 1976) . Gr5a-Gal4, UASBecause Drosophila taste receptor neurons need not only recognize different tastes but most likely also the DTI flies show a severe decrease in proboscis extension to trehalose, sucrose, glucose, and low salt, all subgustatory source (e.g., proboscis, internal mouthparts, legs, and wings, Figure 4A ), we examined gustatory prostances that a fly finds palatable ( Figure 3A) . At high jections to determine whether taste quality or location is represented in sensory projection patterns.
The adult Drosophila brain contains approximately 100,000 neurons, with cell bodies in an outer shell surrounding the dense fibrous core ( To examine whether taste neurons in different locations project to different brain regions, we exploited GR promoters that drive reporter expression in different peripheral tissues to follow gustatory projections from the proboscis, mouthparts, or leg. Brains of Gr-Gal4, UAS-GFP were stained by anti-GFP immunohistochemistry, and a series of 1 m optical sections through the SOG was collapsed to produce a two-dimensional representation of projections. These studies reveal differences in projections for neurons in different peripheral tissues. For instance, Gr2a is expressed only in the mouthparts and these neurons exit the pharyngeal nerve and arborize anteriorly ( Figure 4E ). Gr59b, on the other hand, is expressed only in proboscis neurons that arborize in a ringed web ( Figure 4F ). Notably, some receptors are expressed both in the proboscis and mouthparts. Interestingly, their neural projections seem to be the composite of Gr2a and Gr59b projections (for example, Figures 4G and 4I).
We also utilized two color labeling approaches to examine whether projections are segregated by peripheral tissue. For example, differential labeling of Gr2a neural projections, expressed in the mouthparts, and Gr66a neurons expressed in the proboscis, mouthparts, and legs illustrates overlap of the mouthpart projections but not of proboscis projections ( Figure 5A) . Similarly, when the projections of Gr59b, expressed only in the proboscis, and Gr66a are differentially labeled, there is overlap of projections in the ventral proboscis region but not the dorsal mouthparts region ( Figure 5C ).
The different axonal patterns from mouth, proboscis, and leg are also seen in different optical sections through the SOG of Gr32a-Gal4, UAS-GFP flies ( Figures  6A-6D ripheral tissue even if they contain the same receptor.
Taste Projections Map Taste Quality
We next asked whether neurons from the same periphTo better resolve the projections of individual neurons with the same receptor, taste neurons were labeled useral tissue that recognize different tastes project to the same or a different brain region to evaluate if taste qualing a genetic mosaic strategy that relies on postmitotic recombination to induce expression of reporters in sinity is encoded in sensory projection patterns. We utilized the two-color labeling strategy to differentially label progle cells (Wong et al., 2002) . The Gr32a receptor is expressed in proboscis, mouthpart, and leg neurons. We jections from Gr5a neurons that recognize sugars and Gr66a neurons that recognize bitter compounds. Relabeled single Gr32a-positive neurons from each tissue and examined their arborizations in the SOG. A single markably, the projections of proboscis neurons with these receptors are clearly segregated in the SOG: Gr5a mouthpart neuron sends an axon that arborizes in a discrete arbor in the most anterior aspect of the SOG projections are more lateral and anterior to Gr66a projections ( Figure 7A ). The Gr5a projections are ipsilateral ( Figure 6E ). However, a proboscis neuron with the same receptor sends an axon that shows diffuse branching and resemble two hands holding onto the medial, ringed web of Gr66a projections. Interestingly, we also find that in the medial SOG, a region different from mouthpart projections ( Figure 6F ). Gr32a-positive leg neurons proleg taste projections for Gr5a and Gr66a neurons are segregated: Gr66a neurons project to the SOG whereas ject through the thoracic ganglia and directly terminate in the most posterior part of the SOG ( Figure 6G ).
Gr5a neurons project to thoracic ganglia (Supplemental Figure S1 at http://www.cell.com/cgi/content/full/117/ Overall, these studies demonstrate that taste neurons in different tissues project to different locations in the 7/981/DC1). By contrast, when receptors are contained in partially SOG, with mouthpart projections more anterior than proboscis projections, which are more anterior than leg overlapping populations, there is no obvious segregation of projections. For example, Gr32a is contained in projections. Our demonstration that neurons that express the same receptor in different parts of the body a small fraction of Gr66a-positive cells in the proboscis, yet Gr32a-positive fibers colocalize with Gr66a-positive project to distinct locations argues that they elicit different spatial patterns of brain activity and provides a fibers in all optical sections ( Figure 7C ). Moreover, Gr32a and Gr47a are expressed in mostly non-overlapping means for encoding different behaviors in response to the same tastant.
subsets of Gr66a-positive proboscis neurons, and their or low reporter levels. Understanding the diversity of tastes that individual neurons recognize will require deferent taste modalities. Remarkably, the concept of distailed studies of taste-induced neural activity in single tinct sweet and bitter cells also applies to the fly. neurons. Our behavioral studies reveal that Gr5a cells recognize sugars and mediate acceptance/attractive behav-A Map of Taste Quality in the SOG iors whereas Gr66a cells recognize bitter compounds
In the visual system and somatosensory system, a sensory neuron's projections are defined by the neuron's and mediate avoidance. Notably, Gr5a cells are also indicates that it will be a model system to examine how FRT-CD8GFP, normally allows for the expression of the CD2 reporter under Gal4 control. However, in the presence of the FLP recombinase, CD2 is excised from a subset of cells, leading instead to the expression of the CD8GFP reporter under Gal4 control. Late third instar larvae were given a one hour heat shock at 37ЊC to induce FLP-mediated recombination and mosaic expression of GFP. Approximately 1,000 brains of the emergent adults were dissected and examined by immunohistochemistry for GFP and CD2. More than 100 brains had GFP labeling in less than three neurons as determined by the number of axons visualized, and at least 10 brains had single fibers clearly labeled. 
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